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(54) Method and device for measuring the depth of a buried interface 



(57) The invention discloses a method for measur- 
ing the depth at which a buried interface below the sur- 
face in a semiconductor substrate is located in a non- 
destructive manner which employs Fourier Transform 
Infrared (FTIR) measurements. 

The method includes illuminating the semiconduc- 
tor substrate containing the buried interface to be meas- 
ured with infrared light and detecting and analyzing the 
spectral content of a return signal by Fourier analysis. It 
further involves comparing the spectral content of the 
return signal to calibration spectra to thereby determine 
the depth of the buried interface. 

In addition a device is also provided for measuring 
the depth of a buried interface. 
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Description 

[0001 ] The present invention is concerned with a non- 
destructive method for measuring the depth of a buried 
interface below the surface in a semiconductor sub- 
strate. 

[0002] High processing speed in currently available 
data processors must be supported by large amounts of 
high speed random access memory. Due to reduced 
device counts per memory cell, much of the required 
storage is provided by dynamic random access memo- 
ries (DRAMs) so that a significantly greater number of 
memory cells can be provided on a single integrated cir- 
cuit chip. In such devices, the density of memory cells, 
principally comprising one storage capacitor per mem- 
ory cell, is of great importance. The capacitance of each 
capacitor is very limited due to small size, while that 
capacitance must be large compared to the capacitance 
of the word line and bit line to achieve adequate operat- 
ing margins for the sense amplifiers used to detect the 
presence or absence of stored charge. Therefore, the 
trenches are formed to relatively large depths while 
being very closely spaced. These same geometries are 
also important for other trench structures such as isola- 
tion trenches. 

[0003] In recent years, it has also been the practice to 
provide a burial plate within the semiconductor sub- 
strate in which the trench capacitors are formed. The 
buried plate is a region surrounding the sides and bot- 
tom of a storage node trench in the dynamic random 
access memory cell which acts as the fixed potential 
terminal for the storage capacitor. The buried plate typi- 
cally goes down the sides of the storage node trench 
about 6 microns. The depth at which the top surface of 
the buried plate is located should be a set distance such 
as 1 .5 ± 0.1 5 microns below the surface of the semicon- 
ductor substrate. This depth of the buried plate is typi- 
cally referral to as D BP 

[0004] The buried plate can be fabricated using resist 
recess processing along with outdiffusing of a dopant 
such as arsenic from the lower portion of a trench. U.S. 
Patent 5,618,751 to Golden et al and assigned to Inter- 
national Business Machines Corporation describes one 
such process. The resist recess depth and the buried 
plate depth are critical parameters for the trench capac- 
itor. 

[0005] Currently, measuring the buried plate depth as 
well as that for other buried interface structures can only 
be carried out destructively by cross-section and micro- 
scopic imaging of random samples. 
[0006] Accordingly the invention provides a non- 
destructive method for measuring the depth of the top of 
a buried interface below the surface in a semiconductor 
substrate comprising: 

illuminating the semiconductor substrate containing 
the buried interface to be measured with infrared 
light; detecting and analyzing the spectral content 



of a return signal by Fourier analysis; and 
comparing the spectral content of said return signal 
to calibration spectra to thereby determine the 
depth of said buried interface. 

5 

[0007] A preferred embodiment of the present inven- 
tion provides a non-destructive method for measuring 
the depth at which the top surface of a buried interface 
is located in a semiconductor substrate. The buried 

w interface depth can be determined without destructively 
cross-sectioning. The method of the preferred embodi- 
ment employs a Fourier Transform Infrared measure- 
ment (FTIR). This comprises subjecting the 
semiconductor substrate containing the buried interface 

is to a beam of infrared light and then detecting and ana- 
lyzing the spectrum of a return signal by a Fourier anal- 
ysis. The spectrum as analyzed by the Fourier analysis 
is then compared to calibration spectra to thereby deter- 
mine the depth of the top surface of the buried interface. 

20 [0008] The preferred embodiment is also concerned 
with a device tor determining the depth of a buried inter- 
face below the surface of a semiconductor substrate. 
The device comprises a FTIR spectrophotometer which 
illuminates the substrate with a source of infrared radia- 

25 tion and which produces a Fourier transform of a return 
signal reflected from the substrate. The device also 
includes a library of stored calibration spectra, along 
with means for comparing the Fourier transform return 
signal to the calibration spectra to determine the depth 

30 of the buried interface. 

[0009] A non-destructive method thus employs Fou- 
rier Transform Infrared (FTIR) measurements to detect 
the depth of a buried interface below the surface in a 
semiconductor substrate; i.e. to measure the depth at 

35 which the top surface of the buried interface is located. 
In addition a device is provided for measuring the depth 
of a buried interface. 

[0010] A preferred embodiment of the invention will 
now be described in detail by way of example only with 
40 reference to the following drawings: 

Figs. 1 -4 are schematic diagrams illustrating a prior 

art process for providing a buried interface. 

Fig. 5 is a schematic diagram of the arrangement 
45 employed to carry out the FTIR measurements in a 

preferred embodiment of the present invention. 

Fig. 6 provides curves showing the spectral content 

of known and unknown samples having different 

buried plate depth measurements. 
so Fig. 7 is a graph that confirms the measurements 

obtained by the preferred embodiment compared to 

SEM cross-sectioning. 

[001 1 ] Referring now to the drawings, and more par- 
55 ticularly Figs. 1-4, a typical procedure for providing a 
buried interface, and especially a buried conductive 
plate is illustrated for purposes of background. For pur- 
poses of simplicity, the following discussion is directed 
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to a buried conductive plate as the buried interface, it 
being understood, of course, that the same general 
approach is applicable for measuring the depth of other 
buried interface structures marking the line between 
regions of significantly different dopants or between 
regions of significantly different doping concentrations. 
An example of one such buried interface in addition to a 
buried conductive plate is a subsurface doped region of 
silicon which forms a source/drain terminal or gate ter- 
minal of a vertical FET transistor within a trench. In 
memory arrays which have such vertical transistors, the 
present invention could be used to determine the depth 
of such buried doped regions. 
[C012] Fig. 1 illustrates a semiconductor substrate 1 
such as silicon containing a trench 2. Numeral 3 repre- 
sents a thin silicon nitride pad covered by a relatively 
thick layer 4 of tetraethylorthosilicate (TEOS). Numeral 
5 represents a layer of arsenic doped silicate glass 
(ASG) deposited within trench 2. A photoresist 6 is pro- 
vided above and within trench 2. The photoresist can be 
a positive photoresist such as those based upon 
novoiak resins. As illustrated in Fig. 2, the photoresist 6 
is recessed to about 1 .5 microns below the substrate 
surface by exposure and development or dry etching. 
The layer 5 (ASG) is etched back in accordance with the 
resist recess 6 such as using a buffered hydrofluoric 
acid (BHF). The layer 5 is typically etched slightly below 
the resist recess (see Fig. 3). The remaining resist fill 6 
in the trenches is then removed and then impurity diffu- 
sion or drive-in from the ASG into the substrate 1 or p- 
well therein is then carried out to substantially form the 
buried plate 7 in accordance with the location of the 
remaining ASG. Typical times and temperatures for the 
drive-in are 3 hours at 1050°C or 1 hour at 1 100°C. 
[001 3] Samples with different D BP were prepared and 
exposed to an infrared beam of a FTIR system. A typical 
FTIR system is available from Bio-Rad Laboratories 
under the trade designation Bio-Rad QS500. Fig. 5 illus- 
trates a schematic of the FTIR set up. In particular, a 
FTIR system is an instrument which emits a controlled 
infrared spectrum and detects and analyzes the spec- 
tral content of a return signal by Fourier analysis. As 
illustrated in Fig. 5, an IR source 20 is provided such as 
a Globar IR source to emit broadband infrared energy 
for instance at wave numbers between 400 and 4500 (a 
wavelength range of about 25 microns to about 2 
microns). An interferometer such as a Michaelson inter- 
ferometer is located in the path from the IR source 20 to 
sample 22. The interferometer includes moving mirror 
24, f ixed mirror 26 and beam splitter 21 . The interferom- 
eter utilizes a moving mirror 24 to produce constructive 
and destructive interference patterns at detector 25. 
These patterns depend upon the frequency or wave 
number of the detected light as well as the characteris- 
tics of the sample. Mirrors 26 and 27 direct the path of 
the light from the source to the sample. Circuitry (not 
shown) is provided for performing a Fourier transform of 
the return signal arriving at detector 25. (A person 



skilled in the art is familiar with suitable circuitry for per- 
forming such a Fourier transform.) 
[001 4] In the case of arsenic as the dopant for creating 
the buried plate, it has been found according to the pre- 
5 ferred embodiment that the portion of the spectrum 
between 400 and 1 500 wave numbers shows a specific 
absorption band which is deemed to be attributed to a 
vibration of the As-0 bond. This absorption band is 
characterized by two absorption peaks, one around 
10 1020 wave numbers and another between 700 and 800 
wave numbers. The pattern of this absorption band and 
the ratio of the heights of these two peaks is changed 
significantly with increasing D BP In fact, each D BP depth 
causes a very distinct pattern in this portion of the spec- 
is trum which can be used as described herein for meas- 
uring the buried plate depth non-destructively by means 
of pattern comparison. 

[0015] In particular, the spectral content of the return 
signal for several samples of known buried plate depth 
20 are analyzed to create a body or library of reference or 
calibration spectra. If desired, the library can include dif- 
ferent sets of calibration spectra, for example, a set for 
each DRAM generation, such that in use, the device 
would be comparing the return signal only to the proper 
25 set of spectra that match the characteristics of the wafer 
being tested. The known buried plate depth of analyzed 
samples is determined by cross-section highlighted or 
contrast etching of the outdiffused area and scanning 
electron microscope (SEM) measurement. According to 
30 the preferred embodiment, the unknown sample is illu- 
minated with the IR light and the spectral content of the 
return signal is analyzed to determine which of the ref- 
erence or calibration spectra the unknown spectrum 
most closely matches. The reference spectrum which 

35 most closely matches the unknown spectrum indicates 
the depth of the top of the buried plate. 
[0016] According to preferred aspects of the present 
invention, for maximizing the comparison, the calibra- 
tion spectra is truncated at 440 cm" 1 and at 1 180 cm' 1 

40 and the intensity of the values is normalized between 0 
and 1 . Likewise, the spectra from the unknown sample 
whose D BP needs to be determined is also truncated at 
440 cm* 1 and at 1180 cm' 1 and intensity normalized to 
values between 0 and 1. 

45 [0017] The process of finding the matching known 
spectrum can be performed by a least squares compar- 
ison of the unknown spectrum to some or all of the 
known spectra. For example, SUM i = 1 to i « n of corre- 
sponding points (a|-bi) 2 along each curve is used to find 

so the minimum sum. In other words, the least square fit 
procedure involves calculating the difference for each 
wave number and each calibration spectrum; squaring 
the difference for each wave number and each calibra- 
tion spectrum; summing up the squares for all wave 

55 numbers and each calibration spectrum; and determin- 
ing the minimum of all sums. The minimum is found for 
the best fitting calibration spectrum and the D BP of the 
sample is the same as the one of the calibration spec- 
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trum. Of course, other correlation methods can be used 
if desired such as by calculating the covariance "COV" 
or the Correlation Coeff iciertt p xy as described in Users' 
Guide Microsoft® Excel. 

[001 8] The Covariance tool returns the average of the s 
product of deviations of data points from their respective 
means. Covariance is a measure of the relationship 
between two ranges of data. 

cov(X,Y)^-Z{x r[ L x ){y rily ) 



wherein u x is the mean value of x-data set and \iy is the 
mean value of y-data set. is 
[001 9] The Correlation tool measures the relationship 
between two data sets that are scaled to be independ- 
ent of the unit of measure. The population correlation 
calculation returns the covariance of two data sets 
divided by the product of their standard deviations. 20 

cov(X,Y) 
p * 1 

X ' y °x-°y 

25 

where o y is standard deviation of y-data set; 
where a x is standard deviation of x-data set; where 

2 1_, v x 2 
<*x s „Z(*/-Hjr) 3 o 



and 



[0020] Fig. 6 contains curves showing the spectral 
content of known and unknown samples having differ- 40 
ent buried plate depth measurements. Fig. 6 is the plot 
after being normalized in intensity and ready for com* 
parison such as by the least squares method to the 
unknown sample which appears on the plot. The 
unknown sample in Fig. 6 fits most closely to the curve 45 
representing a depth of 1.53 urn. Also, it should be 
understood that increasing the number of correlation 
curves increases the accuracy of the measurement. 
[0021 ] Fig. 7 is a graph confirming by SEM cross-sec- 
tioning the depth measures obtained by FTIR. Values so 
on the x-axis are from FTIR. Values on the y-axis are 
from SEM. 

Claims 

55 

1 . A method for measuring the depth of a buried inter- 
face below the surface in a semiconductor sub- 
strate comprising: 



illuminating the semiconductor substrate con- 
taining the buried interface to be measured 
with infrared light; 

detecting and analyzing the spectral content of 
a return signal by Fourier analysis; and 
comparing the spectral content of said return 
signal to calibration spectra to thereby deter- 
mine the depth of said buried interface. 

2. The method of claim 1 wherein said infrared light is 
broadband IR radiation. 

3. The method of claim 2 wherein the wavelength of 
said IR radiation is 2-25 microns. 

4. The method of claim 1 , 2 or 3 wherein said buried 
interface is the top of a buried conductive plate. 

5. The method of claim 4 wherein the depth of the top 
of said buried conductive plate is about 1.5 ± 0.15 
microns below the surface of the semiconductor 
substrate. 

6. The method of claim 4 or 5 wherein said buried con- 
ductive plate is arsenic. 

7. The method of claim 6 wherein absorption bands at 
about 1020 wave numbers and between 700 and 
800 wave numbers have absorption peaks. 

8. The method of any preceding claim wherein said 
comparing employs a least squares comparison of 
the spectra from the sample compared to the cali- 
bration spectra. 

9. The method of any preceding claim wherein the 
intensity of the values is normalized between 0 and 
1 prior to the comparing. 

1 0. A device for determining the depth of a buried inter- 
face below the surface of a semiconductor sub- 
strate, comprising: 

an FTIR spectrophotometer which illuminates 
said substrate with a source of infrared radia- 
tion and which produces a Fourier transform of 
a return signal reflected from said substrate; 
a library of stored calibration spectra; and 
means for comparing said Fourier transform 
return signal to said calibration spectra to 
determine the depth of said buried interface. 

1 1 . The device of claim 1 0 wherein said source of infra- 
red light is a source of broadband IR radiation. 

12. The device of claim 11 wherein the wavelength of 
said IR radiation is 2-25 microns. 
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13. The device of claim 10, 11 or 12 wherein said 
means for comparing comprises a least squares 
comparison means for comparing the spectra from 
said substrate to said calibration spectra. 

5 

14. The device of any of claims 10 to 13 which further 
comprises means for normalizing the intensity of 
said return signal between 0 and 1. 

15. The device of any of claims 10 to 14 wherein said 10 
library of stored calibration spectra comprises 
stored calibration spectra for a buried conductive 
plate. 

16. The device of claim 15 wherein said library of is 
stored calibration spectra comprises calibration 
spectra for a buried arsenic containing conductive 
plate. 

17. The device of any of claims 10 to 16 wherein said 20 
library contains different sets of calibration spectra. 

18. The device of claim 17 wherein said different sets 
includes a set of calibration spectra for each DRAM 
generation. 25 
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FIG. 7 
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(54) Method and device for measuring the depth of a buried interface 



(57) The invention discloses a method for measur- 
ing the depth at which a buried interface below the sur- 
face in a semiconductor substrate is located in a non- 
destructive manner which employs Fourier Transform 
infrared (FTIR) measurements. 

The method includes illuminating the semiconduc- 
tor substrate containing the buried interface to be meas- 
ured with infrared light and detecting and analyzing the 
spectral content of a return signal by Fourier analysis. It 
further involves comparing the spectral content of the 
return signal to calibration spectra to thereby determine 
the depth of the buried interface. 

In addition a device is also provided for measuring 
the depth of a buried interface. 
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